SUMMARY Sixty consecutive patients referred for evaluation of non-cardiac chest pain had oesophageal manometry. Motility was assessed basally, after edrophonium 80 jig/kg iv and during oesophageal perfusion with 0 1 N HCI at 6 and 14 ml/min for eight and seven minutes respectively. A positive response, defined as symptom reproduction with or without abnormal motility, was present in 21 patients (35%) after acid perfusion and 12 (20%) after edrophonium. Eleven of the 12 patients responding to edrophonium also responded to acid perfusion, including most of the patients with primary motility disorders. Significantly greater increases in peristaltic duration, but not amplitude, were recorded after edrophonium (p<001) and acid perfusion (p<005) in positive responders, compared with non-responders. Results indicate that acid perfusion during oesophageal manometry may be a more useful stress test than edrophonium and that the mechanism of symptom production may be similar.
may establish an oesophageal cause for chest pain, its value as an adjunct to manometry is uncertain. Based on these considerations, we have examined symptom provocation and oesophageal motility in response to oesophageal acid perfusion and intravenous edrophonium in a group of patients with recurrent non-cardiac chest pain.
Methods

PATIENTS
We studied 60 consecutive patients with recurrent chest pain thought to be non-cardiac in origin. All were referred to our unit for oesophageal function tests. Twenty one were men, and 39 women, with a mean age of 50 years (range . Forty nine were referred after assessment by cardiologists. Eighteen patients described pain of anginal type, while 42 had chest pain which was atypical in character, duration and precipitating factors. Cardiac disease was excluded as follows: 16 All patients initially underwent either endoscopy (49) or a barium swallow and meal examination (11) Findings including oesophagitis (nine), duodenitis (two), and gastric ulcer (two). In the case of the latter two, specific therapy resulted in ulcer healing, confirmed endoscopically, without remission in the patients' symptoms.
Oesophageal manometry was done using an eightchannel oesophageal catheter coupled to a low compliance constant water perfusion pump (Arndorfer Specialties Inc, Greendale, Wisconsin, USA). The manometric technique used has been previously described. Briefly, patients were examined supine, and the lower oesophageal sphincter (LOS) pressure determined by the rapid pull through technique. Distal oesophageal motility was assessed using recording channels 3, 10, and 15 cm above the LOS in response to 15 swallows of 5 One patient refused the test, and in three others the recording was unsatisfactory for technical reasons, so that 56 studies were completed. Before and after each study, the pH probe was calibrated against a range of buffers to exclude drift. The recorded data were stored on floppy disc for later replay and analysis by computer.
INTERPRETATION OF RESULTS
Average amplitude (mmHg) and duration (seconds) of the last five peristaltic waves after wet swallows during the basal study, the first five after edrophonium and five waves either during symptoms or 10 minutes after the start of acid perfusion were calculated using the record from the most distal manometric channel.
Abnormality was classified using the system described by Benjamin and colleagues,`3 modified None of the 22 patients from whom ECGs were taken during the provocation procedures developed any cardiographic abnormality. Nine of these patients experienced pain; one with edrophonium alone, five with acid alone, and three with both. None of these nine came from the group of 18 with angina like pain.
Peristaltic duration and amplitude increased significantly after edrophonium and during acid perfusion when compared with baseline values in all patients, regardless of response to provocation (Figs 1 and 2) .
We compared absolute increase in peristaltic duration and amplitude over basal values after edro- 15 phonium or during acid perfusion (Fig. 3) . Patients were divided according to response to each test -that is, edrophonium 12 responders, 48 non-responders; acid perfusion 21 responders, 39 non-responders.
There was a significantly greater increase in pernstaltic duration, but not amplitude, in responders compared with non-responders after both acid perfusion (p<0.05) and edrophonium (p<0.01, Fig. 3) .
The mean time to development of pain during acid perfusion in patients with motility disorders was five minutes (range 0. Edrophonium produced a positive response in 20% of our patients, a similar figure to that found by one group'" and a little lower than the figure of about 30% which has been recently reported.'41'2 One of these studies,2' however, was conducted using a considerably higher dose of edrophonium. The other study'4 found that acid perfusion was positive in 22% of their patients, although only 8% had reproduction of chest pain (the rest experiencing heartburn only which we regard as a negative result in the context of chronic chest pain). Similar results have been reported in a large series from the same group." The prevalence of positive acid perfusion tests in this study is low (7%), as the authors themselves comment. Janssens Because we did not perform control infusions nor placebo injections, the incidence of false positive results is not known. All but three of our 22 patients with positive responses to one or other of the provocation procedures, however, had either gastrooesophageal reflux showed on pH studies or abnormal manometry at the time of pain. The positive edrophonium tests in four patients with gastrooesophageal reflux were unexpected. All four were also positive with oesophageal acid perfusion, but we do not know that they would have given negative results with placebo injections or infusions.
Richter et al 14 have suggested that the mechanism of symptom induction by edrophonium may be related to prolongation of peristaltic duration. Our results confirm their findings that the increase in peristaltic duration but not in amplitude is significantly greater in patients who develop pain than in those who do not. Similar results were apparent in our patients during acid perfusion, suggesting that there may be some similarity in the mechanism of symptom production. Like Richter's group, we feel that this cannot be the whole explanation, as there is considerable overlap in peristaltic parameters observed in the positive and negative responders, and patients typically experience continuous pain despite the fact that peristalsis is only intermittent. We did observe, however, that in three of our positive responders (to edrophonium and acid perfusion) exacerbation of background pain coincided with giant peristaltic waves.
A possible explanation for the increased peristaltic amplitude and duration seen in response to acid perfusion is that it reflects distension of the oesophagus.2124 We might therefore expect that in those with motility disorders, symptoms would develop at the higher rates of perfusion and later during the course of the acid perfusion test, when larger volumes were being delivered. In fact, we found no significant difference in time of onset of pain in patients with motility disorders compared with those with simple reflux and believe it unlikely that this mechanism is a sufficient explanation. Acid perfusion was started 10 minutes after edrophonium injection. Nostrant et a'1S reported that consecutive doses of bethanecol greatly increase the number of patients developing motility changes and symptoms. We feel that such an interaction in our study is very unlikely because of the very brief duration of action of edrophonium compared with bethanecol. Our experience is that any motility changes after edrophonium have invariably resolved by five minutes after injection.
Previous studies have given conflicting results on whether acid perfusion produces motility changes which are responsible for development of symptoms.
Some have found changes in the majority of their patients>'h other little change.'7-'9 One study found that a minority do develop marked changes in motility during symptoms."" Most of these investigations have looked at patients with heartburn and typical symptoms of gastrooesophageal reflux, but one' studying patients with recurrent chest pain found like us that peristaltic duration was significantly increased compared with controls during acid perfusion.
In conclusion, our findings suggest that the acid perfusion test is a useful adjunct to manometry in patients with recurrent chest pain, and that it may provoke the pain in individuals with primary motility disorders as well as those with simple gastrooesophageal reflux. The acid perfusion test appears to be a more sensitive provocation procedure than intravenous edrophonium and we believe it to be preferable in the investigation of a possible oesophageal origin of recurrent chest pain.
